X-ray diffraction (XRD) patterns
The crystal structures of the materials were confirmed using powder XRD in Figure 1 . The XRD patterns of RuMoP, NiMoP, and FeMoP are plotted in Figure S1 (a), S1 (c), and S1(e) respectively with their corresponding reference pattern in Figure S1 (b), S1 (d), and S1 (f).
The three most dominant peaks are marked with stars for the orthorhombic RuMoP and FeMoP, while the three most dominant peaks in NiMoP are marked with dots. The most dominant peak in FeMoP and RuMoP observed in XRD are (112) peak, while (111) Figure S4 : Optimized structures of phenol (C 6 H 5 OH), benzene (C 6 H 6 ), and reaction intermediates on the (112) facet of RuMoP during DDO reaction: (a) C 6 H 5 OH*, (b) C 6 H 5 OH* and H*, (c) C 6 H 5 -OH 2 *(TS1), (d) C 6 H 5 * and OH 2 *, (e) H*, C 6 H 5 *, and H 2 O*, (f) H*, rotated C 6 H 5 *, and H 2 O*, (g) C 6 H 5 -H* and H 2 O*(TS3), and (h) C 6 H 6 * and H 2 O*. The purple, blue, and green colors represent Ru, Mo, and P atoms, respectively. Figure S5 : Optimized structures of phenol (C 6 H 5 OH), benzene (C 6 H 6 ), and reaction intermediates on the (112) facet of NiMoP during DDO reaction: (a) C 6 H 5 OH*, (b) C 6 H 5 OH* and H*, (c) C 6 H 5 -OH 2 *(TS1), (d) C 6 H 5 * and OH 2 *, (e) H*, C 6 H 5 *, and H 2 O*, (f) H*, rotated C 6 H 5 *, and H 2 O*, (g) C 6 H 5 -H* and H 2 O*(TS3), and (h) C 6 H 6 * and H 2 O*. The pink, blue, and green colors represent Ni, Mo, and P atoms, respectively. Table S7 . Table S5 : Effect of simulation cell size on adsorption energies (E AD , eV) of phenol (C 6 H 5 OH) on (112) facet of FeMoP, RuMoP, and NiMoP by using optB88-vdW functional system E AD (P (2 X 2)) E AD (P (4 X 4)) FeMoP -1.392 -1.393 RuMoP -1.291 -1.294 NiMoP -1.211 -1.218 Table S6 : Adsorption energies (E AD , eV) of phenol (C 6 H 5 OH) and benzene (C 6 H 6 ) on (112) and (111) 
